The Tris-urea-mercaptoe thanol (pH 9) soluble fibrous proteins of hair and stratum corneum have been compared in a number of animals. The 2 tissues show different urea (pH 8.3) and SDS polyacrylamide gel electrophoretic patterns and vary in amino acid composition. Cyanogen bromide cleavage was done on human stratum corneum and hair fibrous proteins and found to give different fragments by electrophoresis. Antibodies to stratum corne um protein did not r e act with hair protein and vice versa. Although the 2 types of fibrous proteins have the same helical structure as shown by x-ray diffraction analysis, their differences in composition may be important for specific interactions with other macromolecules.
The Tris-urea-mercaptoe thanol (pH 9) soluble fibrous proteins of hair and stratum corneum have been compared in a number of animals. The 2 tissues show different urea (pH 8.3) and SDS polyacrylamide gel electrophoretic patterns and vary in amino acid composition. Cyanogen bromide cleavage was done on human stratum corneum and hair fibrous proteins and found to give different fragments by electrophoresis. Antibodies to stratum corne um protein did not r e act with hair protein and vice versa. Although the 2 types of fibrous proteins have the same helical structure as shown by x-ray diffraction analysis, their differences in composition may be important for specific interactions with other macromolecules.
In recent years many laboratories have been involved in describing and characterizing the fibrous pr oteins of hair and epidermis which show an a x-ray diffraction pattern, have a helical content of about 50% and consist of polypeptides in the molecular weight range of 40,000 to 70,000 daltons [1] . An earlier comparison of the chemical and physical properties of human hair a nd stratum corneum had indicated that the fibrous proteins in these 2 tissues were different in their urea polyacrylamide gel electrophoretic (PAGE) pattern and amino acid composition [2] . In view of the heterogeneity that has been observed in epidermal fibrous proteins [3] it was not clea1· whether hair and epidermal fibrous protein would be consistently different in various species.
This study describes a comparison of the electrophoretic behavior, amino acid composit ion a nd immunological properties of the fibrou s proteins from hair and stratum corneum in several species.
METHODS

Epidermal Fibrous Protein
Epidermis was separated from surgical specimens of human skin which otherwise would have been discarded by heating t he tissue in water at 50°C for 30 sees and gent ly scraping with a scalpel. Epidermis was similarly isolated from wax epilated guinea pig, ra t, mouse, cat, dog, pig and ra bbit skin. The fibrou s proteins a re not modified by t his procedure wh en compared to t hose isolated from mechanically separated epidermis. The heating procedure has t he advan tage of allowing t he collection of large quan tit ies of epidermis free of dermal protein contamination. Epidermis was obtained from cow s nou ts by slicing parellel to the sw-face with a blade.
The [ 4] .
Hair Fibrous Protein
The fus t 1 em of ha ir growth was cut from t he humans a nd animals. T en mg specimens were extracted in 10 ml of 0.2 M T ris, pH 9.5, conta ining 8 M urea and 0.2 M 2-mercaptoethanol under nitrogen at 50°C for 1 hr, homogenized in a ground glass homogenizer a nd t hen extr acted for 2 addit ional hours. The suspension was then centrifuged at 20,000 g for 30 min and the supernatant containing th e fib rous (HFP) and matrix proteins treated wit h iodoacetate acid to give t he SCM derivative. Proteins treated in this way show t he same mobility as when th e alkylation is repeated 2 additional times. T o sepru·ate th e HFP from matrix protein t he alkylated extracts were dialyzed agai nst 0.1 M acetate buffe r, pH 4.5, co ntaining 0.5 M potassium chloride, and t he precipitate consisting of t he HFP collected by centrifugation. In the case of nonhuman hair som e ~yrosin e-ri ch protein (TRP ) will also be present and this protein sh ould be consider ed th e HFP fraction (eg., conta in HFP plus some TRP ). The precipitate was dissolved in 0.1 M Tris buffer, pH 8.0, and t he purification procedw-e repeated 2 additional times.
Polyacry lamide Gel E lectrophoresis
Discontinuous PAGE in t he presence of SDS was do ne as described by Neville [5] . Protein samples (1 mg/ ml) were routinely equilibrated in 8 M urea containing 1% S DS a nd 1% 2-mercaptoethanol for 1 min at 100°C followed by 1 h at 50°C and th en dialyzed twice against 1000 vol of cathode buffe r containing 0.1% S DS . After electr ophoresis at 20°C, gels were stained in 0.25% Coomassie Brilliant Blue dissolved in 50% methanol and 10% acetic acid and destained in 7.5% methanol and 5% acetic acid. Scans of t hese gels were done using a Canalco model K recording densitometer. Molecular weights were calculated using a 7% gel and protein standards as previously described [6] . Urea PAGE was done wit h 6 M urea in the ge ls at pH 8.3 as r epor ted previo usly [7] and the gels processed as described above.
Cleavage with Cyanogen Bromide (CNB1)
S CM -fibrous proteins (10 mg) were dissolved in 2.5 ml of 70% formic acid a nd t reated wi th 75 mg of CNBr for 25 hr at roo m temperature wit h constant stir ring [8] . The digest was rota-evaporated repeatedly with water, and dissolved in the appropriate buffe r in prepar ation for electrophoresis.
A mino Acid A nalysis
Samples for a mino acid analysis were hydrolyzed in 6 N HCl for 24 hr under vacuum at ll0°C and run in duplicate on a Beckman 116 amino acid analyzer.
A ntibody Production and Monitoring
Purified but non-SCM human SCFP (2 mg/ ml ) was dissolved in 8 M urea containing 0.01 M T ris, pH 9.0, and 0.1 M mercaptoethanol and dialyzed aga inst 8 M urea wi th 0.01 M T ris, pH 8.3, under ni t rogen. The solu t ion was mixed wit h an equal vo lume of Freund's adj uva nt to whi ch had been added 9 mg/ml of killed tuberculin bacilli and injected intradermally into multiple sites in New Zealand White rabbits obtained from Charles River Breeders (Boston, MA, U.S.A.). The animals had booster intramuscular injections at 2, 3 and 4 weeks and monthly thereafter. The course of antibody production was followed in the weekly bleeding by a modification of the Ouchterlony gel-diffusion technique [10] . S-carboxymethyl-SCFP dissolved in 8 M urea containing 0.01 M Tris/HCl buffer, pH 8.3, was used in the antigen well and a exglobulin fraction prepared from weekly bleedings in the a ntibody well [11] . The nonalkylated protein also reacted, but the lines were less sharp. Control experiments indicated that the urea did not interfere with th e antibody-antigen reaction.
Human hair proteins solubilized with TUM buffer but not S-carboxymethylated were separated into the higher molecular weight fibrous proteins and lower molecular weight matrix proteins using a Sephadex G-200 column (1 x 200 em) packed a nd run in 8 M mea containing 0.01 M Tris, pH 9.5, and 0.1 M mercaptoethanol under nitrogen. Aliquots from the various frac tions were S-carboxymethylated and urea PAGE done. Fractions containing HFP but no matrix were dialyzed against 8 M urea with 0.01 M Tris, pH 8.3, under nitrogen and rabbits were immunized as described above and S-carboxymethyl HFP was used to follow the reaction in weekly bleedings.
Immunoelectrophoresis was done as described previously [12] .
X-ray Diffraction
X-ray diffraction analysis was done on regenerated filaments prepared by dialyzing SH forms of SCFP and HFP (prepared by chromatography) against 0.01 M Tris, H 7.0, as described previously [9] . Vol. 75, No.4 Figure 1 shows the scan of the urea PAGE patterns of purified human SCM-SCFP and SCM-HFP and gave the same results as previously reported [2] . The proteins were also run by SDS PAGE (Fig 2) and the molecular weights calculated. The hair pattern showed 2 rather broad bands which had molecular weights of 67,000 [1] and 53,000 [2] daltons but it appeared that each may have consisted of 2 poorly resolved components. The stratum corneum pattern showed 4 bands with molecular weights of 67,000 (1), 59,000 (2), 51,000 (3), and 45,000 (4) daltons. As described previously with prekeratin, we observed some variability in the relative proportion of the various components in different individuals [13] .
RESULTS
Electrophoretic Studies
Differences in the urea PAGE patterns were consistently observed between the SCM-SCFP and SCM-HFP fraction of guinea pig, rat, mouse, cat, dog, pig, rabbit and cow. The SCFP showed poorer resolution and a lower charge to mass ratio as was observed with human tissue. The guinea pig and cow data are shown in Fig 3 as examples. The presence of some contaminating TRP protein in the HFP fraction could not explain the differences observed in mobility.
X-ray Diffraction
Fibers were prepared from solutions of SCFP and HFP and subjected to x-ray diffraction analysis. Both proteins showed sharp meridional arcs at 5.15 A and equatorial reflections at 9.8 A indicating that they were the helical component. The purified SCFP showed no indication of the 4.15 A lipid reflection seen in intact epidermal tissue.
Amino Acid Analysis
The amino acid compositions of the HFP fraction and the SCFP isolated from the human, guinea pig and cow are shown in the Table. A number of differences can be seen but the most striking are in proline, glycine and half cystine in all three. The human fibrous proteins were labeled at the cysteinyl residues by doing the S-carboxymethylation with iodoacetic acid (1-'.C) and then urea PAGE was done on the protein. The gels were stained, scanned and the bands cut out and counted (14] . It was found that the specific activity (CPM/area under the peaks) of the 4 hair fibrous polypeptides (a, b, c, d in Fig 1) were all approximately 4 times that of the bands seen on a SDS gel of the stratum corneum polypeptides. The 2 different electrophoretic techniques were used because they gave the best resolution of the polypeptides. These results indicate that all the hair polypeptides were relatively high in cystine content compared to the stratum corneum ones.
Immunology of Fibrous Protein
Until ow-recent studies [15] , unmodified epidermal or hair proteins had not been investigated in depth by immunologic techniques because of their insoluble character. The production and monitoring of these antibodies was facilitated by injecting the proteins in theil· denatured state and checking antibody reactivity under similarly denaturing conditions. The antibody to stratum corneum was previously reported to react specifically with epidermal extracts but not to be species specific [15] . A most interesting result, however, was that hail· and nail extracts did not cross react with the antibody [15] . The antibody to hair was tested against TUM extracts of lung, kidney, heart, brain, spleen, liver and epidermis and there was no reaction but it did give a reaction with nail extracts.
A more sensitive modified Laurell rocket immunoelectrophoresis technique developed in our laboratory was also used to study possible cross reactions [12] . The pw-ified hail· fibrous polypeptides did not react with the antibody to stratum corneum and the stratum corneum fibrous protein did not give a reaction to the antibody to hair (data not shown) . The antibody to hair, which gave a single line by the Ouchterlony technique to SCM-fibrous hail· protein (Fig 4) , showed a reaction to the 4 major hail· polypeptides (Fig 5) . This confu·med that the poly- peptides were all fibrous polypeptides and indicates a strong similarity between them as was the case for t heir cystine content. The high sulfur matrix proteins from hail· did not react with either the antibodies to stratum corneum or hail·. The guinea pig and bovine SCFP reacted with the antibody to human stratum corneum but not to the one to human hair. The HFP from these animals reacted with the antibody to hair but not with the antibody to stratum corneum.
CNBr Cleavage
CNBr cleavage was used as a way of comparing th e human stratum corneum and hair fibrous polypeptides and Fig 6 shows Oct. 1980 COMPARISON OF STRATUM CORNEUM AND HAIR FIBROUS PROTEINS 315 densitometer traces of gels run by SDS PAGE. There are substantial differences in the molecular weights and distribution of fragments obtained from the 2 proteins. Urea PAGE of the CNBr generated fragments also showed a difference bet ween epidermal and hair polypeptides (Fig 7) .
DISCUSSION
Stratum corneum, hair and nail are all derived from ectodermal cells, but show significant structural differences in their fully differentiated form. Earlier studies of these tissues indicated that they all contained an a-fibrous protein with the same molecular dimensions, but Baden et al [2] observed important differences in the chemical and physical properties of human stratum corneum, hair and nail. They concluded that the greater strength characteristics and stability to heating of hair and nail compared to stratum corneum could be explained in part by their higher content of half cystine which was present in a nonhelical matrix protein. This earlier study also suggested chemical differences of the fibrous proteins in the 3 tissues, which is more fully clarified in this report.
The urea PAGE electrophoretic studies consistently show a lower charge to mass ratio for SCFP compared to HFP, and this is likely to be characteristic of all fw--bearing animals. Although the SDS PAGE studies in humans indicate a difference in the molecular weights of the 2 types of fibrous polypeptides, the values fall within the same range which is in keeping with their similar molecular configuration as revealed by their a helical x-ray diffraction pattern.
The differences in amino acid composition between SCFP and HFP were the same for the human, guinea pig and cow. Although TRP is present in the cow and guinea pig protein, the differences observed were too large to be explained by contamination with that protein [16] . With respect to the cystine difference the labeled iodoacetic acid data indicate that the results cannot be explained by the presence of one component of unusual composition. The immunolo' gical data further support the idea that there are subclasses of fibrous proteins represented here by stratum corneum and hair. Nail, by its electrophoretic pattern [2] and immunologic behavior, is similar to hair while immunofluorescence studies [17, 18] of the epithelium of the cornea and mouth indicate they are related to stratum corneum.
Although hair is unique to mammals and not really comparable in molecular structure to feathers or claws of lower vertebrates, it is not known whether it is a new protein or derived from a more primitive a fibrous protein through evolution. This may be answered by analysis of amino acid sequences in fibrous polypeptides. Such work has been started on a peptides of wool [19] and fibrinogen [20] , and needs to be continued on SCFP.
